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Efficient transduction of electromagnetic signals between different frequency scales is an essential ingredient
for modern communication technologies as well as for the emergent field of quantum information processing.
Recent advances in waveguide photonics have enabled a breakthrough in light-matter coupling, where individual
two-level emitters are strongly coupled to individual photons. Here we propose a scheme which exploits this
coupling to boost the performance of transducers between low-frequency signals and optical fields operating at
the level of individual photons. Specifically, we demonstrate how to engineer the interaction between quantum
dots in waveguides to enable efficient transduction of electric fields coupled to quantum dots. Owing to the
scalability and integrability of the solid-state platform, our transducer can potentially become a key building
block of a quantum internet node. To demonstrate this, we show how it can be used as a coherent quantum
interface between optical photons and a two-level system like a superconducting qubit.
Transduction of information between physical systems op-
erating at different energy scales is of immense technological
importance. In particular, efficient transduction between the
microwave and optical domains is an essential requirement for
telecommunication networks. The advent of quantum com-
munication technologies necessitates analogous transduction
devices capable of coherent information transfer for quantum
fields. Possible applications of such devices range from a
quantum internet [1–5] and distributed quantum computing
[6, 7], to quantum metrology [8–10].
Due to the large range of applications, several different
methods for implementing quantum transducers have been in-
vestigated. A large class of these rely on the use of nanome-
chanical systems [11–15] or direct electro-optical coupling
[16, 17]. Other proposals exploit quantum emitters with both
microwave and optical transitions [4, 18–22]. Many of these
rely on weak magnetic interactions to single emitters, but
exploit strong coupling to ensembles of emitters (see Refs.
[20, 23] for exceptions). Despite these efforts, efficient low
noise quantum transduction of low-frequency excitations to
the optical regime remains elusive.
Common to the approaches discussed above is the use of
strong optical control fields. This can be a major source of
light-induced decoherence [24], since even the absorption of
a single optical photon can have a significant influence on a
quantum system operating in the microwave regime. Further-
more strong light fields pose a filtering problem since weak
quantum fields have to be distinguished from strong back-
ground signals. It is therefore highly desirable to work at very
low light levels.
In this Rapid Communication, we propose an electrically
coupled quantum transducer that works at the few-photon
level. The principal elements of our transducer are semicon-
ductor quantum dots (QDs) grown in photonic crystal waveg-
uides with transform-limited linewidth [25] and experimen-
tally demonstrated coupling efficiency β up to 98% [26]. We
show that such high coupling efficiencies enable a high trans-
duction efficiency due to the strongly suppressed loss rate out
of the waveguide. A key feature of our transducer is that it
works efficiently even when all light fields contain at most a
few photons. We achieve this by engineering the waveguide
mediated interactions between multiple QDs. This low light
level minimizes the light-induced decoherence of the quantum
systems, as well as ensures negligible background light in the
transduced signal.
FIG. 1. a A two-level system (TLS) represented by an oscillating
electric dipole (1) is electrically coupled to a semiconductor QD
(2) inside a waveguide (3). We consider several configurations with
varying number and locations of the QDs. b Side view of the trans-
ducer. The TLS (orange) is a distance d away from the photonic
crystal of thickness h = 140nm, with a QD in the center (roughly
corresponding to Ref. [26]). c Energy level diagram of a single-QD
transducer, with |e〉/|g〉 being the QD excited/ground state respec-
tively. The electrical coupling gs enables a Raman transfer between
internal states |0〉 and |1〉 of the coherent TLS, separated by a fre-
quency difference ωq , through the path indicated by arrows.
As a particular application we show how to exploit the pro-
posed transducer as a quantum interface between optical pho-
tons and superconducting qubits. Related approaches were
recently proposed using two nearby dipole-coupled molecules
[27] or a double QD molecule [28]. As opposed to these sys-
tems, experimental demonstrations of QD-waveguide inter-
faces have shown more efficient coherent coupling to traveling
light fields [26]. This strongly enhances the transduction effi-
ciency in our scheme. We also show that long-range waveg-
uide mediated interactions allows engineering super- and sub-
radiant states [29–34] between distant QDs, which can be ex-
ploited to improve the transduction without requiring engi-
neering complicated near-field interactions.
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2In Fig. 1a, we show schematically our proposed quantum
transducer. It consists of three components; a 1D waveguide
for efficient confinement of the optical mode; one or more
QDs coupled to the photonic mode with high efficiency; and
finally a nearby oscillating electric dipole, which electrically
couples to a QD excitation. For specificity, we focus on trans-
duction from a coherent two level system (TLS) with a dipole
allowed transition at a non-optical frequency, e.g. in the GHz
regime. Examples of such coherent TLSs include supercon-
ducting qubits [35–37] and singlet-triplet states in double-QD
structures [38–40].
To begin with we consider a transducer with a single QD
in the photonic waveguide coupled electrically to the oscillat-
ing dipole of a coherent TLS (Fig. 1a). The total Hamiltonian
H describing this system can be written H = H0 + V1 + V2
where H0 = ωdσˆ†σˆ +
∑
k ωkaˆ
†
kaˆk + ωq ηˆz (~ = 1) with
ωq , ωd and ωk being the transition frequency of the TLS, QD
and photonic modes, respectively. V1 =
∑
k gk(σˆaˆ
†
k + σˆ
†aˆk)
represents the interaction between the QD and optical fields,
where gk is the coupling of the 2-level QD to the k’th mode
with annihilation operator aˆk, and σˆ = |g〉〈e| is the standard
lowering operator of the QD. The TLS is represented by the
Pauli-X and Z operators, where ηˆx = |1〉〈0| + |0〉〈1| and
ηˆz = (|1〉〈1| − |0〉〈0|)/2 with |0〉 and |1〉 being the inter-
nal states. As we assume that the TLS has a dipole allowed
transition, there will be an associated electric field of the form
Eˆ = ~E(r)ηx. QDs are known to exhibit sizable Stark shifts
of their excited levels, corresponding to a dipole moment up
to |~p| ≈ 0.4 e ·nm [41], for an In(Ga)As QD. The proximity to
the TLS thus leads to an interaction of the form V2 = gsηˆxσˆ†σˆ
with gs ≡ ~p · ~E/~. As we discuss below this interaction can
be sizable. We estimate gs = 2pi×(0.4−1) GHz for a Cooper
pair box (CPB) [35] and expect similar results for double-QD
structures [38–40], since the oscillating charge is similar in
this case. For typical QDs this coupling is larger than their
total decay rate Γ ≈ 2pi × 150 MHz. The system is thus in
a strong coupling regime gs > Γ enabling an efficient trans-
ducer design.
We consider a Raman transition between the states of the
combined TLS-QD system (Fig. 1c) via a single incoming
optical photon in the waveguide with central frequency ωp.
The Raman transition entangles the frequency of a scattered
weak photon pulse with the internal state of the TLS, thereby
achieving coherent transduction between the two systems. To
study the dynamics of the transducer, we apply the formalism
of Ref. [42, 43] and find that the total scattered field is given
by aˆout = [1 + iσˆ00S00 + iσˆ01S10] aˆin + F , where aˆin and
aˆout are the right-going input and output field operators re-
spectively, σˆ01 ≡ |1〉〈0| and σˆ00 ≡ |0〉〈0| are respectively the
Heisenberg operators for the coherence and population of the
ground state of the combined QD-TLS system. F is a noise
operator and S00 and S10 are the scattering amplitudes for the
transitions from state |0〉 to |0〉 and |1〉, respectively, and are
calculated from the total contribution of all excited states.
We assume that the ground states are sufficiently sepa-
rated in energy compared to the width of the incoming photon
pulse, so that scattered photons can be filtered spectrally and
the only contribution to ‘red’ photons comes from the term
iσˆ01S10aˆin +F . Detection of such a red-detuned photon her-
alds a flip of the TLS; the Raman scattering detection prob-
ability PR for a single-photon input can be found by the ex-
pectation value of the photon-number operator of the red field
PR =
∫ T
0
〈aˆ†outaˆout〉red dt = |S10|2 where we have normal-
ized the incoming pulse of duration T to contain a single pho-
ton. Note that the quantum vacuum noise term F in aˆout does
not contribute to the photon number expectation value. The
scattered right-going mode (transmission) is equal in magni-
tude to the scattered left-going mode (reflection). Similarly
the QD couples equally to left and right propagating modes.
Experimentally, the scattered red field amplitude can therefore
be twice enhanced by combining both modes on a beamsplit-
ter [44], or using a single-sided waveguide [45], correspond-
ing to a factor of 4 improvement in the success probability.
From the scattering formalism of Ref. [42], we find the
scattering matrix element S10 = Γ1D2 〈e1|Hˆ−1nh |e0〉 and there-
fore PR = Γ21D|〈e1|H−1nh |e0〉|2. Here, the scattering dy-
namics of the excited subspace of the system are fully ab-
sorbed into an effective non-Hermitian Hamiltonian Hnh =
He − i2
∑
j L†jLj , where He describes the energies and cou-
plings in the excited subspace of the total Hamiltonian, and
Lj are the Lindblad operators associated with interactions
with the environment. For our single-QD system, He =
−δIˆ + ωq(Iˆ − ηˆz)/2 + gsηˆx, with δ = ωd − ωp being the
photon-QD detuning and Iˆ ≡ |e0〉〈e0|+ |e1〉〈e1|. The opera-
tors representing the decay dynamics of the system are defined
as Lk =
√
Γk|g〉〈e| with Γk being the QD decay into and out
of the waveguide with rates Γ1D and γ′ respectively.
We maximize PR as a function of the detuning between
input field and QD, yielding the resonance conditions δ± =
(ωq ±
√
ω2q + g
2
s − Γ2)/2. At these resonances, P (1QD)R =
β2g2s/(g
2
s + ω
2
q ), and in the strong/weak coupling limits we
find
P
(1QD)
R ≈ β2 for gs  ωq, (1)
P
(1QD)
R ≈ β2
g2s
ω2q
for gs  ωq, (2)
where β = Γ1D/(Γ1D+γ′) describes the QD-waveguide cou-
pling efficiency. Eq. (1) expresses the striking advantage that
can be obtained by exploiting strong coupling of emitters with
a waveguide. For β approaching unity, a transducer can be
constructed where even a single optical photon is sufficient to
efficiently transduce a low frequency signal. This minimizes
any possible decoherence induced by light.
Many of the qubit systems relevant for this transduction
scheme operate in the microwave (GHz) regime, which is
larger than the maximal estimated coupling gs . 2pi×1 GHz.
The resulting reduction of PR in Eq. (2) arises because the
electric dipole moment of the TLS is linked to a transition
between two energy levels. The QD thus feels an oscillating
field, and this averages out the coupling. To counter this ef-
fect, we propose to engineer the excited subspace using mul-
tiple coupled emitters. This exploits the high β-factor achiev-
able for QDs in photonic crystal waveguides to get strong
waveguide mediated interactions between distant QDs. With
3two QDs we show how to engineer an increased interaction
time, thereby improving the effective coupling. By using
four QDs one can even engineer a resonant Raman transition,
thereby avoiding the averaging effect.
FIG. 2. a Transducer based on two QDs in a waveguide. One of the
QDs is electrically coupled to the TLS. b Energy level diagram of
the combined QD-TLS system. {|0〉, |1〉} represent the TLS internal
states. {|A〉, |S〉} represent the (anti-)symmetric states of the two-
QD coupled system. The incoming photon is tuned into resonance
with |A 1〉. c Four QDs in a waveguide are spaced equidistantly such
that k∆z = pi/2. One of the central QDs is coupled to a coher-
ent two-level system. d Energy level diagram of the combined QD-
TLS system for 4 QDs, with two sets of (anti-)symmetric eigenstates
spaced by ν ≈ 1.3Γ1D , decaying at enhanced(reduced) decay rates.
We first consider two emitters in a 1D waveguide (see
Fig. 2a). The photonic field in the waveguide induces long-
range interactions between the two. In Ref. [43] this inter-
action is included as part of a non-Hermitian Hamiltonian of
the single-excitation subspace for the bare two-emitter sys-
tem Hnh = −δIˆ + (∆/2 − iΓ1/2)|eg〉〈eg| + (−∆/2 −
iΓ2/2)|ge〉〈ge|+Ω(|eg〉〈ge|+|ge〉〈eg|), where |eg〉 ≡ |e〉1⊗
|g〉2, Iˆ ≡ |eg〉〈eg| + |ge〉〈ge|, ∆ is the difference between
the emitters’ transition frequencies, and δ is the detuning
between the incoming photon and mean QD transition fre-
quency. Γi = Γi,1D + γ′i is the decay rate of emitter i,
which consists of the decay rate into the waveguide Γi,1D
and to the environment γ′i. The collective complex coupling
term Ω = −i√Γ1,1DΓ2,1D exp[ik∆z] is the waveguide-
mediated coherent coupling between emitters and collective
decay. ∆z = |z2− z1|, and zi is the position of emitter i [46].
We diagonalize the Hermitian part of the HamiltonianHnh
and find (anti-)symmetric eigenstates (|A〉 = ξ1|eg〉− ξ2|ge〉)
|S〉 = ξ2|eg〉 + ξ1|ge〉. Here coefficients ξ1,2 depend on the
collective coupling Ω and detuning ∆ between the emitters.
The decay rates Γj = γ′j + Γj,1D with j = A,S consist
of a part going outside the wave guide γ′A = ξ
2
1γ
′
1 + ξ
2
2γ
′
2,
γ′S = ξ
2
2γ
′
1 + ξ
2
1γ
′
2 and a part going into the wave guide
ΓA,1D = ξ
2
1Γ1,1D+ξ
2
2Γ2,1D−2ξ1ξ2
√
Γ1,1DΓ2,1D cos(k∆z),
ΓS = ξ
2
2Γ1,1D + ξ
2
1Γ2,1D + 2ξ1ξ2
√
Γ1,1DΓ2,1D cos(k∆z).
For cos(k∆z) ≈ 1 the decay into the waveguide can show
almost complete destructive interference ΓA,1D ≈ 0 result-
ing in the anti-symmetric state having a much longer lifetime,
ΓS  ΓA, if the decay is dominated by the decay into the
waveguide Γ1,1D,Γ2,1D  γ′1, γ′2. By adjusting the relative
detuning ∆ to ensure ξ21Γ1,1D = ξ
2
2Γ2,1D, this increase in
lifetime is achievable even if the emitters’ decay rates differ.
In the following we assume that the TLS only couples to a
single QD, while the other QD is placed far away and does not
directly influence the TLS. This adds He = ωq(1 − ηˆz)/2 +
gsηˆx ⊗ |eg〉〈eg| to the Hamiltonian, similar to the single-QD-
qubit system. As described above, the excited states of the two
QDs couple and hybridize into (anti-)symmetric eigenstates
(Fig. 2(b)). The transition pathway consists of 4 paths which
contribute to the output field amplitude. These contributions
can be conveniently summed using the formalism of Ref. [43].
If we tune the incoming photon to be in resonance with
the antisymmetric state |A 1〉, the Raman transition rate will
be dominated by a single path, |g 0〉 → |S 0〉 → |A 1〉 →
|g 1〉. The probability for this path can be written in the
form PR ≈ ΓA,1DΓS,1D|〈A1|H−1nh |S0〉|2, using similar tech-
niques as described above for the single-QD case. For
gs  ωq we find the resonance condition δ = ωq −√
Γ1,1DΓ2,1D sin(k∆z)/2 + g
2
s/(4ωq), where
P
(2QD)
R ≈
(
ΓS,1D
ΓA
)(
ΓA,1D
ΓA
)(
g2s
ω2q
)
. (3)
Due to the first factor ΓS,1D/ΓA the Raman probability is
increased by making |A〉 longer-lived so that ΓS,1D  ΓA,
which effectively increases the interaction time with the TLS.
Because of the second factor ΓA,1D/ΓA, there exists an op-
timal value ΓA,1D ≈ ΓA/2. Here we find P (2QD)R ≈
ΓS,1D/2ΓA · g2s/ω2q showing a strong enhancement compared
to Eq. (2) if we can generate a large difference in the super-
and subradiant decay rates ΓS  ΓA.
Assuming for concreteness that the emitters are identical,
the optimum is reached for ΓA,1D = β(1 − β)Γ, which can
be met for any emitter spacing fulfilling cos(k∆z) ≥ β by ad-
justing ∆, e.g. using an external field (note that deterministic
placement of a QD in a waveguide with a precision less than
10 nm has been achieved [47]). Here Γ = Γ1 = Γ2 and β is
defined analogous to the one-emitter case. For this condition,
we find
P
(2QD),opt
R ≈
β2
1− β2
( gs
ωq
)2
. (4)
Comparing Eq. (4) to Eq. (2) there is a factor 1/(1− β2) im-
provement in transduction efficiency compared to the single
QD case. For β = 0.9, this is a factor 5 improvement. For
β = 0.98, as experimentally demonstrated in Ref. [26], this
is a factor 25. This conclusion is verified in Fig. 3a, where we
compare Eq. (4) to the single QD case and the full calculation
including all paths.
For non-identical emitters we have verified numerically that
there is an enhancement of the Raman probability as discussed
below Eq. (3). In the supplementary information [48] we show
that for two emitters with identical β but different rates Γi,
Eq. (4) remains an excellent approximation regardless.
4The main limitation of the above scheme is that the rele-
vant transition is still far off-resonant, resulting in the factor
(gs/ωq)
2 suppressing the efficiency. With four QDs we can
further engineer the energy of the long-lived states. By tun-
ing the frequency of two such states in resonance to the TLS
energy ωq we can achieve an enhanced Raman probability.
To this end, we consider 4 QDs placed in a 1D waveguide
(see Fig. 2c). At zero mutual detuning between the emit-
ters and assuming equal decay rates we have identified an
optimum at k∆z = pi/2 between each QD. There, we find
two bright and two dark states, with an energy splitting ν =√
1
2 (
√
5 + 1)Γ1D ≈ 1.27 Γ1D between them. The dark states
exhibit suppressed decay rates Γ1,1D = Γ2,1D = (1−α4)Γ1D
into the 1D waveguide with α4 =
√
1
2 (
√
5− 1) ≈ 0.79. The
resonance condition in the excited state manifold for a Ra-
man process |0〉 → |1〉 is achieved for ωq = ν = 1.27Γ1D
(Fig. 2d). This condition can be met either by choosing a TLS
with matching transition energy and/or Purcell enhancing the
waveguide decay rate [49–51].
FIG. 3. a Raman transition probability as a function of coupling
strength gs. The exact forms (markers) include all scattering path-
ways, while approximate forms (lines) include only the most signif-
icant pathway, as given by Eqs. (2), (4) and (5). For the 1-QD (red)
and 2-QD (blue) cases, we set ωq = 2pi × 5 GHz, Γ1D = 1 ns−1,
β = 0.9. In the 4-QD case (green), we assume a Purcell enhanced
emitter decay rate 1/Γ1D = 1.27/ωq ≈ 250 ps and β = 0.9. We
optimize the detunings δ and ∆ in the full numerics and fix the inter-
QD spacing k∆z = npi (with integer n) in the 2-QD case and to
k∆z = pi/2 in the 4-QD case. b Infidelity (1 − F , solid lines) and
success probability Psuc (dashed lines) of entanglement generation
for a coherent pulse input, as a function of average photon number.
Detection efficiency η = 0.7, coupling gs = 2pi × 1 GHz, and the
other parameters as in a.
The resulting Raman probability (Fig. 2d) has an optimum
at δ = ωq , where
P
(4QD)
R ≈
0.11(gs/ωq)
2
((gs/ωq)2 + (0.79/β − 0.62)2)2 . (5)
which we plot in Fig. 3a together with an exact expression
involving all pathways, for all considered transducer config-
urations. In the limit of weak coupling gs  ωq , we find
PR ≈ 101(gs/ωq)2 for β = 0.98, and PR ≈ 27(gs/ωq)2 for
β = 0.9. Compared to the single-QD interface at β = 0.98,
this is more than a two orders-of-magnitude improvement on
the scaling with (gs/ωq)2; it represents a fourfold improve-
ment over the two-QD case.
An important application of our proposed transducer is as a
quantum interface between an optical photon and a microwave
superconducting qubit. Similar propsals have been consid-
erd in Refs. [27, 28], but as discussed above the current ap-
proach takes advantage of the demonstrated high coupling ef-
ficiency in waveguides and avoids the need for engineering
near field interactions. To get an estimate for the magnitude
of the electric coupling gs between a SC qubit and a QD,
we numerically simulate the electric field for a Cooper pair
box (CPB) island of dimensions 700 × 200 × 20 nm, sim-
ilar to Ref. [35], placed above a photonic crystal waveg-
uide of height h = 140 nm (Fig. 4a). The CPB qubit is
defined by a single Cooper pair oscillating on and off a su-
perconducting island. We simulate the electric field strength
coming from two electrons on the island in order to estimate
the Stark shift in the QD. Self-assembled In(Ga)As QDs with
transform-limited linewidths [25] and near-unity β [26] have
been reported to exhibit a Stark coefficient |~p| = 2pi × 100
MHz/(kV/m) [41]. From the electric field strength we find a
Stark coupling gs = 2pi × 0.4 − 1 GHz for a separation of
d = 0 − 100 nm between qubit and waveguide, with the QD
in the middle of the waveguide (Fig. 4c).
We also simulate the optical field in this configuration with
a 3D numerical integration of Maxwell’s equations, and ana-
lyze the optical absorption by integrating the total power flow
over the surface of the superconducting island. This yields the
total absorbed fraction of the power, which directly translates
into the photon absorption probability (Fig. 4f). We assume
an optical wavelength of λ = 980 nm (in air). We model
the system as a 300 nm wide nano-beam waveguide made of
GaAs with refractive index nGaAs = 3.456 [52] suspended
in vacuum. We assume negligible absorption in these media,
while for the superconductor the real part of the refractive in-
dex is nAl = 1.47 and an extinction coefficient κ = 9.22,
corresponding to aluminum [53]. We find the absorption of
the light-field into the qubit to be less than 1% for the con-
figurations with lower coupling strengths, and slightly higher
for the largest coupling strengths. We emphasize that we con-
sider rather simple geometries, and carefully designed struc-
tures can likely improve these numbers. We note that, in the
case of scattering between multiple QDs, the optical absorp-
tion is modified in a non-trivial way as photons may bounce
back and forth between QDs resulting in multiple passes. De-
tailed examination of this effect is beyond the scope here.
Including all scattering pathways in the calculation, for
coupling in the low end of our estimate gs = 2pi × 400 MHz,
a CPB qubit with ωq = 2pi × 5 GHz, and β = 0.98 we find
PR ≈ 0.6%, 13% and 31% for the single-QD, 2-QD and
4-QD interfaces, respectively. For the strongest coupling of
gs = 2pi × 1 GHz we find PR ≈ 4%, 40%, 78% respectively.
The quantum transducer presents an ideal platform for
long-distance entanglement. Using an interference protocol
similar to Ref. [54], we consider two transducers I1 and I2
placed in either arm of a Mach-Zehnder interferometer (inset
in Fig. 3b). Photon scattering creates entanglement between
the photon frequency and the SC qubit state. Mixing the red
sideband fields on a BS and detecting a photon creates entan-
glement between the qubits. For a single-photon input, the
5FIG. 4. (a) The qubit (orange) is positioned at a distance d away
from the waveguide (blue) of thickness h = 140 nm with a quantum
dot in the middle. (b) Top view of the qubit, with numbers labeling
the relative position of the QD underneath the qubit. Assumed di-
mension are: short edge 200 nm, long edge 700 nm, and thickness
20 nm. (c) Coupling gs derived from an electrostatic simulation of
the device. Different relative positions of the QD are labeled with
indices defined in (b). Suffix (v) refers to the vertical geometry (e),
whereas the remaining curves are for the horizontal geometry (d). (f)
Simulation of optical absorption as a function of distance d, for the
two different configurations (d) and (e), assuming the short edge of
the qubit to be aligned with the center of the waveguide.
protocol succeeds with probability Psuc = ηPR, where η is
the detection efficiency, and produces a maximally entangled
state of fidelity F = 1 once a photon is detected.
It is experimentally less challenging to use a weak coher-
ent pulse with a low average photon number n¯ instead. This
reduces the fidelity, because the pulse may dephase or flip
both qubits simultaneously. In Fig. 3b, we show the fidelity
and success probability for a coherent input pulse, calcu-
lated using the approach of Ref. [27]. The considered Ra-
man protocol for coherent inputs has an intrinsic requirement
1 − F ≥ 1 − Psuc/η. Our result is close to this limit, but
has a slightly lower fidelity due to elastic (Rayleigh) scatter-
ing. As shown in the figure, multi-QD transducers enable
the generation of high quality entanglement for much lower
mean photons numbers. Exploiting the waveguide mediated
interactions thus reduces the possible detrimental decoher-
ence of the SC qubit induced by the light, and allows for a
near-deterministic interface between individual photons and
SC qubits. The input pulse duration is mainly limited by the
linewidth of the transitions and can be in the range of 50-100
ns, reducing the effect of decoherence. For comparison, su-
perconducting qubits of the type considered here have demon-
strated coherence times in the microsecond range [35].
In summary we have shown that long-range waveguide me-
diated interactions can be exploited to boost the efficiency of
quantum transducers. As a direct application, the proposed
device can be used to provide an on-chip interface between
SC qubits and optical photons. This could facilitate a break-
through in long-distance quantum communication via a quan-
tum repeater network [1–5] and scaling of SC quantum com-
puters by connecting them optically [6, 7]. Alternatively the
proposed transducers can have applications for quantum lim-
ited sensing by exploiting efficient optical detection of low
frequency fields [8–10].
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